Abstract-Short circuit ABC-learn it in a_n-hour, use it anywhere, memorize no formula. The MVA method for solving industrial power system short circuits appropriately fits this description. Indeed, solving short circuit problems with the MVA method is as easy as learning the ABC's.
INTRODUCTION
S HORT CIRCUIT studies are necessary for any power distribution system to determine switchgear rating for protective relaying, and to determine the voltage drop during starting of large motors. One line diagrams are not complete unless the short circuit values are solved at various strategic points. No substation equipment, motor control centers, breaker panels, etc., can be purchased without knowledge of of the complete short circuit information of the entire power distribution system. Knowing how to calculate short circuit problems is a must for every electrical engineer. To learn it may be easy for some, difficult for others. However, to do the problems anywhere in or out of the office where the references are not available may not be an easy task because the conventional methods of solving short circuits involve too many formulas. To memorize them at all times is impractical for the majority.
WHAT REALLY IS THE MVA METHOD? Basically, the MVA method is a modification of the Ohmic method in which the impedance of a circuit is the sum of the impedances of the various components of the circuit. Since, by definition, admittance is the reciprocal of impedance, it follows that the reciprocal of the system admittance is the sum of the reciprocals of the admittances of the components. Also, by definition, the admittance of a circuit or component is the maximum current or KVA at unit voltage which would flow through the circuit or component to a short circuit or fault when supplied from a source of infinite capacity. Refer to 
From (5) and (6) 3) Delta to wye conversions are rarely used in industrial power distribution systems, but they are again simple arithmetic. Refer to Figs. 5(a) and (b).
4) The only point that needs more attention is the series combination if a slide rule is not available. The attempt here is to be able to solve most short circuit problems with reasonable accuracy without the use of a slide rule.
With the aid of the curve in Fig. 6 , let us analyze the series combination It is also noted that when combining two quantities in series, the result is always smaller than the smallest of the two. The example shows the result to be 8 when combining 10 and 40.
C. Reduce MVA Diagram
Reducing an MVA diagram takes the same reduction process required for the per unit impedance diagram, except that MVA quantities are used instead of per unit impedances or reactances. Fig. 7 is a typical distribution one line diagram including a delta connected feeder system. Reactances only are used for practical purposes. Fig. 8 is an MVA diagram that shows all elements in the one line in MVA quantities. Fig. 9 (a) shows the filrst step reduction sequence. Note that there are three faults to be calculated, F1 , F2, and F3. The first step reduction combines the series and parallel components so that the simplest diagram can be accomplished, and that any fault can be solved in random fashion. Fig. 9(a) shows that items 4 and 5 have been combined to make a new 4; items 6 and 7 have been combined to make a new 6; items 8-10 have been combined to make a new 8. Fig. 9 (b) converted a delta to a wye configuration. 2) It is not necessary to convert impedances from one voltage to another as required by the Ohmic method.
3) The conversion formulas as used for both the Ohmic and the per unit methods are complex and not easy to memorize. 4) Both the Ohmic and the per unit methods usually end up with small decimals resulting from converting impedances from one voltage to another or from converting impedances to the same common base. Therefore, one can make mistakes in the decimals, with resulting wrong answers.
5) The MVA method utilizes large whole numbers denoting MVA quantities. With a little practice, one can estimate the result by looking at the combination. For example, 10 and 10 in series become 5; 10 and 100 in series become 9.1; and 10 and 10 000 in series give 10. A small number combined with too large a number, 100 times larger or more, will have no effect on the small number. In order to further prove the preceding points, it is necessary to give the following comparison of methods that are utilized in solving industrial power system short circuits.
COMPARISON OF METHODS
A one line diagram, Fig. 11 Fig. 4(a) The problem, as shown in Fig. 4(a) , is also solved with the per unit method as Appendix I. This gives further comparison of the amount of calculation involved between the MVA and the per unit methods. Phase-ground fault with an added fault neutral reactance also can be calculated with the MVA method. Fig. 19 illustrates the preceding problem with an added fault neutral reactance Xf. Note that using both the MVA and the per unit methods obtain the same result except that the MVA method shows much less calculation.
TWO-PHASE TO GROUND FAULT
Can two-phase to ground fault be solved with the MVA method? The answer is again, yes. Fig. 20 
Equations (19) and (20) (11) (22) and (23) for solving the twophase to ground fault of the same problem, the per unit method. Fig. 22 indicates the utilization of (24) and (25) MVAs + MVAs(26) Fig. 23 shows an example applying the MVA method in estimating the voltage at the 13.8-kV bus when a large motor is started. Fig. 24(a) shows a graphic solution of the problem. Figure  24 (b) illustrates the validity of the graphic solution by analytic geometry. Fig. 25 shows a slide rule made for the sole purpose of solving instantaneous voltage drop in starting large motors. The instruction for the use of the slide rule as shown is self-explanatory. Fig. 26 time). As the. problem involves more components and more faults, the cost differential increases noticeably. Appendix II is a time share computer solution of Fig. 7 . The program itself is a conversational type. The user of the program can input the data by a prepared tape or by typing the data as the computer is ready to receive the data.
The input data are separated into two sections. Section one is to use lines 200 through 399 for MVA items as shown with the use of the MVA method. For example, item 1 is 300 MVA, item 2 is 200 MVA, etc. Section two is to use lines 400 through 999 for command sequence. For example, line 400 data 1, 4, 5 instructs the computer to combine items 4 and 5 in series; the first number, 1, is for a series operation. In line 400 data, there is a 2, 8, and 9, which instructs the computer to combine items 8 and 9 in parallel; the first number, 2, is for a parallel operation. A 3, 3, 4, 6 command instructs the computer to convert a delta to wye operation of items 3, 4, and 6.
Refer to Appendix II. The fault 1 result is 533.4 MVA, which is close to the manual solution result of 533 MVA. Note the computer asked for a kilovolt input. The user entered the voltage. The computer then asked whether the user prefers an interrupting duty or a momentary duty computation. As shown, fault 1 requires an interrupting calculation and the computer gave a series of output selections to meet ANSI Standard latest requirement of multipliers. The computer solution sequence is exactly as shown on Fig. 10(a) for fault 1, manual solution.
For fault 2, line 410 data are replaced with new commands as shown. Notice that the sequence follows the MVA diagram, Fig. 10(b) . The result of fault 2 is 261.9 MVA which was manually solved to be 262 MVA, Fig. 10(b) . The computer again asked for a kilovolt input and a 4.16 was given.
The next question again was for interrupting duty or momentary duty. The answer was momentary so the computer gave two answers that are in accordance with [2] .
For fault 3, line 410 data are replaced with new commands that follow the sequence as shown on Fig. 1 0(c) . The computer asked for a kilovolt input, and 0.48 was given. Because 0.48 kV is a low-voltage system, the computer automatically printed out five answers to suit the user's choice. The multipliers are all in accordance with the IEEE Red Book #141, Section IV. After the MVA method is mastered in about an hour's time, it will take no more than fifteen minutes to learn to use the computer program. Appendix III is a pre-made graph for quick estimate of instantaneous voltage in starting large motors.
CONCLUSION
The paper described a unique easy to learn and easy to remember method for solving industrial power distribution system short circuit problems. The examples given proved its effectiveness in terms of speed, accuracy, and -economy over other conventional Ohmic and per unit methods. The writer has been using it for the past twenty years for many projects, small and large, and found it most effective because it seldom required one to memorize formulas as with other methods.
The MVA method also has been taught in various evening schools and corporation sponsored seminars, including the University of California Extension, ITC College, Bechtel Corporation, Pacific Gas and Electric Co., etc., in the San Francisco Bay area for the past seven years. 
